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COMMUNICATION APPARATUS, CONTROL
METHOD THEREFOR, AND STORAGE
MEDIUM

CROSS REFERENCE TO RELATED
APPLICATIONS

This application is a continuation application of U.S.
patent application Ser. No. 12/412,604 filed Mar. 27, 2009,
which claims priority from Japanese Patent Application No.
2008-086956 filed Mar. 28, 2008, which are hereby incorpo-
rated by reference herein.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a communication appara-
tus having a normal power consumption mode and a power
saving mode and connected to a network via a network inter-
face device.

2. Description of the Related Art

Heretofore, in image forming apparatuses, such as multi-
functional peripherals or single-function printers, various
schemes have been adopted to reduce power consumption.
Among others, image forming apparatuses with a sleep mode
(power saving mode) for consuming less power than in a
standby state (normal power consumption mode) have
become widespread.

In the sleep mode, power supply to the units of the image
forming apparatus is stopped except to a random access
memory (RAM), a network interface card (NIC), and an
operation unit, so that power consumption during the sleep
mode can be reduced to about 1 Watt (W) to a few W. During
the sleep mode, an image forming process cannot be per-
formed because during the sleep mode, power supply to the
photosensitive drum and the fixing unit in the printer unit of
the image forming apparatus is stopped, and also power sup-
ply to the central processing unit (CPU) and the hard disk
drive (HDD) is stopped.

When a predetermined condition is met during the sleep
mode, the image forming apparatus returns from the sleep
mode to the standby state. The predetermined condition
includes, for example, that (1) a user has operated the opera-
tion unit of the image forming apparatus, and that (2) the NIC
has received a packet that meets the return condition from the
sleep mode to the standby state. Thus, power is supplied to the
operation unit or the NIC even during the sleep mode to check
if any button is pressed on the operation unit or if the packet
is received.

Packets that meet the return conditions include (1) aunicast
packet addressed to the image forming apparatus, (2) a return
packet to request a return from the sleep mode to the standby
state, and (3) broadcast packets or multicast packets of a
specific protocol. In other words, the return packet (2) denotes
amagic packet that includes a particular pattern in the packet.
The broadcast packets or multicast packets of a specific pro-
tocol (3) are search packets formatted according to a protocol
to enable another node on the network to search for the image
forming apparatus on the network.

In order to receive packets described above, the NIC of the
image forming apparatus needs to be linked to the network
also when the image forming apparatus is in the sleep mode.
Ifthe network standard is Ethernet®, for example, the NIC is
linked in a communication mode previously specified or
linked in a communication mode determined by using auto-
negotiation defined in IEEE802.1u. The communication
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2

mode mentioned here includes a link speed (communication
speed) and a duplex mode (full duplex or half duplex).

The NIC in some recent image forming apparatuses sup-
ports a communication speed of 1000 Mbps (1 Gbps) in
addition to the conventional speeds of 10 Mbps and 100
Mbps. However, in a communication mode of 1000 Mbps, the
power consumption of the NIC is larger than that at 10 Mbps
or 100 Mbps. Therefore, there is known a method for reduc-
ing power consumption in the sleep mode, which causes the
NIC to behave as if it does not support 1000 Mbps during the
shift from the standby state to the sleep mode and then causes
the NIC to be linked back to the network.

It is possible to further reduce power consumption by
selecting a low communication speed to suit the communica-
tion capability of the hub on the network from among com-
munication speeds (10 Mbps and 100 Mbps) other than 1000
Mbps.

For example, Japanese Patent Application Laid-Open No.
2004-243533 discusses a method in which, when an image
forming apparatus shifts to the power saving mode under the
condition that the apparatus is connected to the hub, the media
access control (MAC) unit of the image forming apparatus
determines a communication speed in a manner to suit the
communication capability of the hub.

Japanese Patent Application Laid-Open No. 2002-271334
describes a method in which, when communication has not
taken place in the communication apparatus for a fixed period
of time, the NIC connected to the host and the LAN changes
the communication speed set in itself to a lower speed.

However, in a communication system in which the com-
munication apparatus is connected to a network via the net-
work interface device, consideration has not been taken for
reduction of power consumption at the network interface
device side when the communication apparatus is in the
power saving mode.

More specifically, in Japanese Patent Application Laid-
Open No. 2004-271334 mentioned above, since the image
forming apparatus itself is directly connected to the network,
attention has not been paid to a reduction of power consump-
tion at the network interface device, which is independent
from the image forming apparatus.

In Japanese Patent Application Laid-Open No. 2002-
271334 described above, the NIC itself acts to reduce power
consumption. However, when communication has not taken
place in the NIC for a fixed period of time, the NIC discussed
in Japanese Patent Application Laid-Open No. 2002-271334
changes settings of the communication mode in the NIC, but
not in response to a command from another communication
apparatus (the host).

As described above, in a system where the communication
apparatus is connected to a network via the network interface
device, power consumption cannot be reduced by the network
interface device connected to the communication apparatus.
Unless the network interface device itself incorporates some
mechanism to reduce power consumption, power consump-
tion by the network interface device cannot be reduced even
when the communication apparatus enters the power saving
mode.

SUMMARY OF THE INVENTION

The present invention is directed to acommunication appa-
ratus capable of determining, on the communication appara-
tus side, a communication mode of a network interface device
under the condition that the communication apparatus has
shifted to a power saving mode, and setting the communica-
tion mode in the network interface device.
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According to an aspect of the present invention, a commu-
nication apparatus, which has a normal power consumption
mode and a power saving mode lower in power consumption
than in the normal power consumption mode, and which is
connected to a network via a network interface device,
includes a communication unit configured to communicate
with a device on the network via the network interface device,
an acquisition unit configured to acquire capability informa-
tion indicating a communication capability of the device, a
determination unit configured to, based on the capability
information acquired by the acquisition unit, determine a
communication mode to be used when the network interface
device communicates with the device under a condition that
the communication apparatus has shifted to the power saving
mode, and a setting unit configured to, when the communi-
cation apparatus shifts from the normal power consumption
mode to the power saving mode, set the communication mode
as a communication mode to be used when the network inter-
face device communicates with the device.

Further features of the present invention will become
apparent from the following detailed description of exem-
plary embodiments with reference to the attached drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

The accompanying drawings, which are incorporated in
and constitute a part of the specification, illustrate embodi-
ments of the invention and, together with the description,
serve to explain the principles of the invention.

FIG.11s aview of a communication system according to an
exemplary embodiment of the present invention.

FIG. 2 is a block diagram illustrating a configuration of an
image forming system according to the exemplary embodi-
ment of the present invention.

FIG. 3 is a software configuration diagram of an NIC and a
multifunction peripheral (MFP) according to the exemplary
embodiment of the present invention.

FIG. 4 is a diagram illustrating a setting screen displayed
onthe operation unit according to the first exemplary embodi-
ment of the present invention.

FIG. 5 is a flowchart illustrating the operation of the MFP
and the NIC, which is performed when the MFP is started,
according to the first exemplary embodiment of the present
invention.

FIG. 6 is a flowchart illustrating the operation of the MFP
and the NIC, which is performed when the MFP shifts to the
sleep mode (power saving mode), according to the first exem-
plary embodiment of the invention.

FIG. 7 is a flowchart illustrating the operation of the MFP
and the NIC, which is performed when the MFP returns from
the sleep mode to the standby state, according to the first
exemplary embodiment of the present invention.

FIG. 8 is a flowchart illustrating the operation of the MFP
and the NIC, which is performed when the MFP is in the
standby state, according to the first exemplary embodiment of
the present invention.

FIG. 9 is a flowchart illustrating the operation of the MFP
and the NIC, which is performed when the MFP returns from
the sleep mode to the standby state, according to a second
exemplary embodiment of the present invention.

DESCRIPTION OF THE EMBODIMENTS

Various exemplary embodiments, features, and aspects of
the invention will be described in detail below with reference
to the drawings.

20

30

35

40

45

4

In a first exemplary embodiment, the operation of the MFP
100 to be performed when the MFP 100 is started, when the
MEFP 100 shifts to the sleep mode, when the MFP 100 returns
to the standby state, and when the MFP 100 is in the standby
state (especially, link operations to Ethernet®) will be
described in the following.

FIG. 1 is a view of a communication system according to
the first exemplary embodiment of the present invention. In
the communication system illustrated in FIG. 1, the commu-
nication apparatus (MFP 100) is connected to a hub 102 via a
network interface card (NIC) 101 (network interface device),
and the hub 102 is further connected to a local area network
(LAN) 103. In addition to the NIC 101, a personal computer
(PC) 104 and a mail server 105 are connected to the hub 102.

The hub 102 is a line concentrator for Ethernet® cables, for
example, and supports three kinds of communication speeds
(link speeds) of 10 Mbps, 100 Mbps, and 1000 Mbps. With
regard to duplex modes, the hub 102 supports full duplex
mode and half duplex mode at 10 Mbps and 100 Mbps, and
full duplex mode at 1000 Mbps.

It is supposed that communication modes, such as a link
speed and a duplex mode, are to be set at each port of the hub
102 in advance. In setting a communication mode, autonego-
tiation can be previously set in such a manner that autonego-
tiation can be performed instead of fixedly setting a link speed
or a duplex mode.

FIG. 2 is a diagram illustrating the configuration of an
image forming system 200, which includes an MFP 100 and
an NIC 101.

The NIC 101, which has been implemented by an intelli-
gent type network card module, is a network interface device
detachably connected to the MFP 100. The NIC 101 includes
aCPU201,aRAM 202, a ROM 203, a network interface (I'F)
204, a light emitting diode (LED) 205, an expansion I/F 206,
all being used as components of the NIC 101, and a system
bus 207 configured to interconnect those components.

The CPU 201 reads a control program stored in the ROM
203 and executes various control processes. For example, the
CPU 201 is connected to the hub 102 via the network I/F 204
connected to the system bus 207, and is further connected via
the hub 102 to terminals on the LAN 103 to execute commu-
nication processes in compliance with a predetermined com-
munication protocol. As a result, the CPU 201 can receive
various data, such as print data and printer control commands,
sent from, for example, a print data generating device on the
LAN 103, transfer data via the expansion I/F 206 to the MFP
100, and carry out a print process in the MFP 100.

The RAM 202 is the main memory of the CPU 201 and is
used as a temporary storage area, such as the work area. The
LED 205 is used as a display to show the operating state of the
NIC 101. The LED 205 uses colors or blinking patterns of
LED light to show an electric connection state between the
network I/F 204 and the hub 102 and various operating states,
such as a communication state.

The expansion I/F 206 connects the NIC 101 and the MFP
100, and is connected to an expansion I/F 224 on the MFP 100
side via a local cable 210. The expansion I/F 206 includes a
connector (not shown). The NIC 101 is detachably connected
to the printer MFP 100 by the connector. Further, the NIC 101
can be mounted on another MFP having a similar configura-
tion.

The network I/F 204 has a capability of communication at
a link speed of any one of 10 Mbps, 100 Mbps, and 1000
Mbps and either in full duplex or half duplex when the MFP
100 is in the standby state. The network I/F 204 is set as to
communicate at a link speed of 10 Mbps or 100 Mbps and in
full or half duplex when the MFP 100 is in the sleep mode. In
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other words, the network I/F 204 operates to support 10 Mbps
and 100 Mbps, but does not support 1000 Mbps when the
MFP 100 is in the sleep mode.

The MFP 100 also includes a control unit 220, an operation
unit 230, a scanner 240, and a printer 250.

The control unit 220 includes a CPU 221 for the MFP 100,
aRAM 222, a ROM 223, an expansion I/F 224, an operation
unit I/F 225, a device I/F 226, and a system bus 227 to
interconnect those units.

The CPU 221 reads a control program stored in the ROM
223, and executes various control processes. For example, the
CPU 221 generates output image data based on print data
transferred from the NIC 101 via the expansion I/F 224, and
outputs the output image data to the printer 250 via the device
I/F 226.

The RAM 222, which functions as the main memory of the
CPU 221, is used as a work area, for example. The RAM 222
is configured so that its storage capacity can be increased by
connecting an optional RAM to an expansion port (not
shown).

The operation unit 230 is provided with buttons to execute
operations, such as setting the operation mode of the MFP
100 and deleting print data, and also provided with a display
section, including a liquid crystal panel and LED indicators.
A communication mode can be set on the operation unit 230.

The printer 250 is a printer utilizing a well-known printing
technology, and prints image data by using an electrophoto-
graphic method (laser beam method), inkjet method, or sub-
limation method (thermal transfer method). The scanner 240
generates image data by reading images on an original docu-
ment, and inputs data into the MFP 100.

The MFP 100 has a sleep mode in which power consump-
tion is lower than when the MFP 100 is in the standby state.
When the MFP 100 is in the sleep mode, power consumption
is reduced by stopping power supply to the units other than
specific units (e.g., the operation unit 230 and the expansion
I/F 224).

FIG. 3 is a software configuration diagram of the NIC 101
and the MFP 100. Here, description is limited to setting of a
communication mode in the NIC 101, but it is to be noted that
NIC 101 and the MFP 100 contain various items of software
other than the software described below.

Those items of software illustrated in FIG. 3 stored in the
storage of the NIC 101 or the MFP 100, and in response to a
startup of the NIC 101 or the MFP 100, those items of soft-
ware are read and executed by the CPU 221.

A network I/F driver 302 and a communication control unit
303 are provided on an operating system (OS) 301 on the NIC
101 side. The network I/F driver 302 controls the execution of
a communication process by the network I/F 204. The com-
munication control unit 303 sets a specified communication
mode in the network I/F driver 302 according to contents
specified by the MFP 100 side by using a method to be
described below.

AnNIC driver 312 and a communication mode setting unit
313 are provided on an operating system (OS) 311 on the
MFP 100 side. The NIC driver 312 sends various commands
to the NIC 101 to cause the NIC 101 to execute various
operations. The communication mode setting unit 313, by
using a method to be described later, determines a communi-
cation mode to be used when the NIC 101 communicates with
the hub 102, and causes the NIC 101 to set the communication
mode therein.

Among those items of software that run on the OS 311 in
the MFP 100, the NIC driver 312 operates in the kernel space
of'the OS 311, whereas the communication mode setting unit
313 operates in the user space of the OS 311.
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By using an application program interface (API) of the NIC
driver 312, the communication mode setting unit 313 can
acquire various items of information of the NIC 101 and
performs various settings to the NIC 101.

The various items of information of the NIC 101 include
information about whether the network cable is connected to
the NIC 101 (whether the NIC 101 is electrically connected to
the hub 102), and information indicating the communication
mode currently set in the NIC 101.

Moreover, the communication mode setting unit 313 can
obtain capability information indicating the communication
capability of the hub 102 from the NIC 101. More specifi-
cally, the communication mode setting unit 313 can recognize
the communication capability of the hub 102 by referring to a
link-partner-ability register of the NIC 101 via the NIC driver
312.

The capability information indicating the communication
capability of the hub 102 is information, including whether
settings, such as a communication speed and a duplex mode,
or autonegotiation, to which the hub 102 can respond, are set
in the hub 102.

The communication mode setting storage device 314
stores information including communication modes that can
be used when the NIC 101 communicates with the hub 102
under the condition that the MFP 100 is either in the standby
state or in the sleep mode. The MFP 100 causes information
including communication modes determined by the commu-
nication mode setting unit 313 to be stored in the communi-
cation mode setting storage device 314, and transmits a com-
mand to the NIC 101 based on information stored in the
communication mode setting storage device 314.

FIG. 4 is a diagram illustrating a screen to specify a com-
munication mode displayed on the operation unit 230. The
communication mode specified via the setting screen in FIG.
4 is set in the NIC 101 as a communication mode when the
NIC 101 communicates with the hub 102 when the MFP 100
is in the standby state.

In the setting screen illustrated in FIG. 4, “ON” or “OFF”
of “AUTOMATIC DETECTION” can be selected. When
“ON” of “AUTOMATIC DETECTION?” is selected, autone-
gotiation takes place, so that a communication mode is deter-
mined and set automatically. Note that when “ON” of
“AUTOMATIC DETECTION” is selected, it is impossible to
specify a “communication mode” or a “type of Ethernet”.

When “OFF” of “AUTOMATIC DETECTION” is
selected, autonegotiation does not occur. Therefore, the user
needs to specify “half duplex” or “full duplex” as “commu-
nication method”, and also needs to specify “10 Base-T” or
“100 Base-TX" as the “type of Ethernet”.

Information about a communication mode set via the set-
ting screen illustrated in FIG. 4 is stored in the communica-
tion mode setting storage device 314. The next time the MFP
100 is supplied with power and started, information stored in
the communication mode setting storage device 314 is
referred to, and a communication mode indicated by the
information is set in the NIC 101.

The operation performed when the MFP 100 is started will
be described below. FIG. 5 is a flowchart illustrating the
operation of the MFP 100 and the NIC 101 when the MFP 100
is supplied with power and started. The steps to the left side of
the broken line in the flowchart of FIG. 5 are executed by the
CPU 221 of the MFP 100. The steps to the right side of the
broken line are executed by the CPU 201 of the NIC 101.

When the MFP 100 is started, in step S501, the CPU 221
reads information indicating a communication mode previ-
ously specified via the setting screen in FIG. 4 from the
communication mode setting storage device 314. In step
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S502, the communication mode setting unit 313 sends an
“joct]” command to the NIC driver 312 to enable the NIC 101.

Instep S503, the CPU 221 determines whether the NIC 101
is connected to the network. Here, in addition to whether the
cable of the network is attached to the network I/F 204 of the
NIC 101, the CPU 221 also determines whether the NIC 101
is electrically connected to the hub 102. This determination is
made based on information about the network connection
state that is acquired by the NIC driver 312 from the NIC 101
in response to the “ioct]” command sent to the NIC driver 312
from the communication mode setting unit 313.

In step S503, when the CPU 221 determines that the NIC
101 is connected to the hub 102 (YES in step S503), the
process proceeds to step S504. If the NIC 101 is not con-
nected to the hub 102 (NO in step S503), the CPU 211 waits
until the NIC 101 is connected to the hub 102 (YES in step
S503). In step S504, the communication mode setting unit
313 notifies, based on information read out in step S501, the
NIC driver 312 of a communication mode when the MFP 100
is in the standby state by using an “ioct]” command, and the
NIC driver 312 sets the communication mode in the NIC 101.

On the NIC 101 side, in step S505, the CPU 201 sets a
communication mode notified from the MFP 100 as a com-
munication mode to be used when the NIC 101 communi-
cates with the hub 102, and establishes a link to the hub 102.
When the communication mode in the standby state is auto-
negotiation, the NIC driver 312 executes an autonegotiation
process, and the hub 102 determines a communication mode
to be set by the NIC 101 based on applicable communication
modes.

On the MFP 100 side, in step S506, the communication
mode setting unit 313, by using an “ioctl” command, makes
inquiry to the NIC driver 312 about the communication capa-
bility of the hub 102. Inresponse to the inquiry, the NIC driver
312 makes a request to the NIC 101 for capability information
indicating the communication capability of the hub 102. On
receiving this request, in step S507, the NIC 101 notifies the
MEFP 100 of the capability information of the hub 102.

More specifically, at this time, the communication mode
setting unit 313 refers via the NIC driver 312 to the content of
the link-partner-ability register in the NIC 101 and obtains
capability information of the hub 102. It is to be noted that for
a time when conducting a linkup in step S505, the capability
information of the hub 102 is obtained previously by having
the NIC 101 communicate with the hub 102.

In step S508, the CPU 221 determines whether the capa-
bility information of the hub 102 has been acquired success-
fully. If it is determined that the capability information of the
hub 102 has been acquired (YES in step S508), the process
proceeds to step S509, where the CPU 221 determines
whether the hub 102 supports a communication speed of 10
Mbps. If the determination result is that the hub 102 supports
the communication speed of 10 Mbps (YES in step S509), the
process proceeds to step S510.

In step S510, the communication mode setting unit 313
determines that the communication mode to be used when the
NIC 101 communicates with the hub 102 under the condition
the MFP 100 has shifted to the sleep mode is 10 Mbps. The
communicating mode setting unit 313 notifies the informa-
tion about the determined communication mode to the NIC
driver 312.

If'the determination result in step S508 is that the capability
information of the hub 102 has not been acquired (NO in step
S508) or if the determination result in step S509 is that the hub
102 does not support a communication speed of 10 Mbps, the
process advances to step S511.
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In step S511, the communication mode setting unit 313
determines that the communication mode to be used when the
NIC 101 communicates with the hub 102 under the condition
that the MFP 100 has shifted to the sleep mode is autonego-
tiation. The communication mode setting unit 313 notifies the
information indicating the determined communication mode
to the NIC driver 312.

As described above, when the MFP 100 is in the standby
state, data communication can be conducted efficiently if the
NIC 101 is linked to the network at a faster communication
speed out of communication speeds at which the hub 102 can
operate.

However, even after the MFP 100 has shifted to the sleep
mode, if the communication speed is kept at the same speed as
in the standby mode, power consumption increases, so that
the effect of reducing power consumption as a result of having
shifted to the sleep mode cannot be obtained sufficiently. For
a communication mode when the MFP 100 is in the sleep
mode, a slower one of the communication speeds at which the
hub 102 can operate is determined as a communication speed
when the NIC 101 communicates with the hub 102 under the
condition that the MFP 100 has shifted to the sleep mode. On
that account, power consumption on the NIC 101 side under
the condition that the MFP 100 in the sleep mode can be
reduced.

Note that at this time, not only the communication speed
but also a duplex mode can be taken into account. More
specifically, not only a communication mode is determined
by considering a communication speed at which the hub 102
can operate, but also a communication mode, including a
duplex mode, can be determined, that is, by taking into
account a determination of whether the hub 102 can commu-
nicate in a half duplex or a full duplex mode. In other words,
by selecting a half duplex mode or a full duplex mode accord-
ing to a duplex mode in which the hub 102 can operate, a
collision can be prevented from occurring in data transmis-
sion. Moreover, power consumption of the NIC 101 differs
not only with a communication speed but also according to
whether a half duplex or a full duplex is used, and therefore,
by determining a communication mode by considering which
to use out of duplex modes that the hub 102 can operate,
power consumption can be further reduced.

Instead of determining a communication mode by obtain-
ing the capability information of the hub 102 from the NIC
101 when the MFP 100 shifts to the sleep mode, by previously
determining a communication mode when the MFP 100 is in
the sleep mode when the MFP 100 is started, the following
can be obtained.

If the MFP 100 repeatedly transmits and receives informa-
tion with the NIC 101 when the MFP 100 shifts to the sleep
mode, it takes time before the communication mode is
changed on the NIC 101 side, and the MFP 100 cannot
quickly shift to the sleep mode. To address this, as described
above, before the condition is met for the MFP 100 to shift to
the sleep mode, by previously determining a communication
mode, it becomes possible to quickly change the communi-
cation modes of the NIC 101 when MFP 100 shifts to the
sleep mode.

Next, the operation performed when the MFP 100 shifts to
the sleep mode will be described. FIG. 6 is a flowchart illus-
trating the operation of the MFP 100 and the NIC 101 when
the MFP 100 shifts to the sleep mode. The steps to the left of
the broken line in the flowchart illustrated in FIG. 6 are
executed by the CPU 221 of the MFP 100. The steps to the
right of the broken line are executed by the CPU 201 in the
NIC 101.
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The MFP 100 in the standby state, in step S601, determines
whether the condition for the MFP 100 to shift to the sleep
mode is met. Suppose here that this condition has been set by
the user in advance, and that it is arranged that the MFP 100
shifts to the sleep mode if the user does not perform any
operation for a predetermined period of time, or if a prede-
termined period of time elapses since the end of a print opera-
tion.

If'the determination result in step S601 is that the condition
to shift to the sleep mode is met (YES in step S601), the
process proceeds to step S602, where the MFP 100 shifts to
the sleep mode. More specifically, power supply to the units
other than specified units, e.g., the operation unit 230 and the
expansion I/F 224, is stopped. In addition, the communication
mode setting unit 313, by using an “ioct]” command, notifies
the NIC driver 312 that the MFP 100 has shifted to the sleep
mode. On receiving this notification, the NIC driver 312, in
step S603, instructs the NIC 101 to terminate the link to the
network.

On the NIC 101 side, in step S604, when receiving a
command from the NIC driver 312, the CPU 201 terminates
the link to the hub 102.

On the MFP 100 side, in step S605, by using an “ioctl”
command, the communication mode setting unit 313 notifies
the NIC driver 312 of a communication mode when the MFP
100 is in the sleep mode, and the NIC driver 312 causes the
NIC 101 to set the communication mode therein.

On the NIC 101 side, in step S606, the CPU 201 sets the
communication mode notified from the MFP 100 as the com-
munication mode to be used when the NIC 101 communi-
cates with the hub 102, and establishes a link to the hub 102.
Ifthe communication mode when the MFP 100 is in the sleep
mode is autonegotiation, the NIC driver 312 executes an
autonegotiation process, and determines a communication
mode for the NIC 101 to set therein based on communication
modes in which the hub 102 can operate.

The communication mode when the MEFP 100 is in the
sleep mode can be notified to the NIC 101 at timing deter-
mined in step S510 or step S511 in FIG. 5. In this case, when
the MFP 100 shifts to the sleep mode, if a message only to the
effect that the MFP 100 shifts to the sleep mode is sent to the
NIC 101, the communication mode up to that time is changed
to a communication mode when the MFP 100 is in the sleep
mode, which has been managed by a register in the NIC 101.

Next, the operation performed when the MFP 100 returns
from the sleep mode to the standby state will be described.
FIG. 7 is aflowchart illustrating the operation of the MFP 100
and the NIC 101 when the MFP 100 returns from the sleep
mode to the standby state. The steps to the left of the broken
line in the flowchart of FIG. 7 are executed by the CPU 221 of
the MFP 100. The steps to the right of the broken line are
executed by the CPU 201 of the NIC 101.

The MFP 100 in the sleep mode, in step S701, determines
whether the condition for the MFP 100 to return to the
standby state is met. Suppose here that this condition has been
set by the user in advance and it is arranged that the MFP 100
returns to the standby state if the user operates the operation
unit 230 or if a specific packet is received from the network.

A specific packet mentioned above is (1) a unicast packet
addressed to the MFP 100, (2) a return packet requesting a
return from the sleep mode, or (3) a broadcast packet/multi-
cast packet of a specific protocol, for example. The return
packet (2) is a magic packet including a specific pattern. The
broadcast/multicast packet of a specific protocol (3) is a
search packet in compliance with a protocol, which is
designed for another node on the LAN 103 to search for an
MEFP on the network, for example.
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In addition to the cases described above, in a case where the
NIC’s 101 connection to the network is detected again, the
MEFP 100 returns to the standby state. The MFP 100 returns to
the standby state not only when the network cable is attached
to the network I/F 204 of the NIC 101, but also when the NIC
101 is electrically connected to the hub 102. In other words,
under the condition that the network cable is connected to the
NIC 101, when power is supplied again to the hub 102, or
when the hub itself is replaced with another one, the MFP 100
returns to the standby state.

When the result of a determination in step S701 is that the
condition for the MFP 100 to return to the standby state is met,
the process proceeds to step S702, where the CPU 221 can-
cels the sleep mode. More specifically, the CPU 221 cancels
stoppage of power supply to the respective units, and resumes
power supply to them. In addition, the communication mode
setting unit 313, by using an “ioctl” command, notifies the
NIC driver 312 that the MFP has shifted to the standby state.
When receiving this notification, the NIC driver 312, in step
S703, supplies the NIC 101 with a command to terminate the
link to the network.

On the NIC 101 side, in step S704, upon receiving the
command from the NIC driver 312, the CPU 201 terminates
the link to the network.

Further, on the MFP 100 side, in step S705, the communi-
cation mode setting unit 313, by using an “ioct]” command,
notifies the NIC driver 312 of the communication mode when
the MFP 100 is in the standby state, and the NIC driver 312
causes the NIC 101 to set the communication mode therein. A
communication mode when the MFP 100 is in the standby
state notified at this time is a communication mode set via the
setting screen illustrated in FIG. 4.

On the NIC 101 side, in step S706, the CPU 201 sets a
communication mode notified from the MFP 100 as a com-
munication mode to be used when the NIC 101 communi-
cates with the hub 102, and establish a link to the hub 102.
When a communication mode when the MFP 100 is in the
standby state is autonegotiation, the NIC driver 312 executes
an autonegotiation process to determine a communication
mode to be set by the NIC 101 based on communication
modes in which the hub 102 can operate.

The communication mode in the standby state can be
stored in and managed by a register in the NIC 101 even while
the MFP 100 is in the sleep mode. In this case, when the MFP
100 returns from the sleep mode to the standby state, if a
message only to the effect that the MFP 100 shifts to the sleep
mode is sent to the NIC 101, the communication mode up to
that time is changed to a communication mode when the MFP
100 is in the standby state, which has been managed by a
register in the NIC 101.

On the MFP 100 side, in step S707, the communication
mode setting unit 313 makes inquiry to the NIC driver 312
about the communication capability of the hub 102 by using
an “ioct]” command. In response to this inquiry, the NIC
driver 312 requests the NIC 101 to send capability informa-
tion indicating the communication capability of the hub 102.
When receiving this request, NIC 101, in step S708, sends the
capability information of the hub 102 to the MFP 100.

More specifically, at this time, the communication setting
unit 313 refers via the NIC driver 312 to the content of the
link-partner-ability register, and acquires the capability infor-
mation of the hub 102.

For a time when establishing a link to the hub 102 in step
S706, the capability information of the hub 102 can be
acquired previously by having the NIC 101 communicate
with the hub 102. This acquisition of the capability informa-
tion is performed when the communication mode in the
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standby state is not autonegotiation (when a specific commu-
nication speed and a duplex mode are specified).

In step S709, the CPU 221 determines whether the capa-
bility information of the hub 102 has been acquired success-
fully. If it is determined that the capability information of the
hub 102 has been acquired (YES in step S709), the process
proceeds to step S710, where the CPU 221 determines
whether the hub 102 supports a communication speed of 10
Mbps. If the determination result is that the hub 102 supports
a communication speed of 10 Mbps (YES in step S710), the
process proceeds to step S711.

In step S711, the communication mode setting unit 313
determines that a communication mode to be used when the
NIC 101 communicates with the hub 102 under the condition
that the MFP 100 has shifted to the sleep mode should be 10
Mbps. The communication mode setting unit 313 notifies
information about the determined communication mode to
the NIC driver 312.

Ifit is determined in step S709 that the capability informa-
tion of the hub 102 has not been acquired, or if it is determined
in step S710 that the hub 102 does not support a communi-
cation speed of 10 Mbps, the process proceeds to step S712.

In step S712, the communication mode setting unit 313
determines a communication mode to be used when the NIC
101 communicates with the hub 102 under the condition that
the MFP 100 has shifted to the sleep mode as autonegotiation.
The communication mode setting unit 313 notifies the infor-
mation indicating the determined communication mode to the
NIC driver 312.

As described above, the communication mode setting unit
313 acquires information about the capability information of
the hub 102, and determines a communication mode in the
sleep mode not only when the MFP 100 has started its opera-
tion, but also when the MFP 100 has returned to the standby
state from the sleep mode. This is because the MFP’s 100
return from the sleep mode to the standby state sometimes
results from re-supply of power to the hub 102 or replacement
of the hub 102 itself.

More specifically, when the hub 102 is replaced with
another hub, the newly installed hub may not have the same
communication capability as the previous hub. However,
even when the hub 102 is changed, by checking the commu-
nication capability of the hub 102 again, it is possible to
respond to the changing situation. This can be said of a case
where even if the hub 102 is not changed, the communication
settings of the hub 102 are changed and power is applied again
to the hub 102.

Next, the operation of the MFP 100 in the standby state will
bedescribed. FIG. 8 is a flowchart illustrating the operation of
the MFP 100 and the NIC 101 when the MFP 100 is in the
standby state.

In step S801, the MFP 100 in the standby state determines
whether the NIC 101 is connected to a network. More spe-
cifically, not only is it determined whether the network cable
is attached to the network I/F 204 of the NIC 101, but it is also
determined whether the NIC 101 is electrically connected to
the hub 102.

If the determination result in step S801 is that the NIC 101
is connected to the network (YES in step S801), the process is
finished. If it is determined that the NIC 101 is not connected
to the network (NO in step S801), the process proceeds to step
S802.

In step S802, the MFP 100 determines whether the NIC
101 is connected to the network anew. Here again, not only is
it determined whether the network cable is attached to the
network I/F 204 of the NIC 101, but it is also determined
whether the NIC 101 is electrically connected to the hub 102.
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Ifthe determination result in step S802 is that the NIC 101
has been connected to the network (YES in step S802), the
process advances to step S504 in FIG. 5. In other words, when
the MFP 100 is in the standby state and is connected anew to
the network, the MFP 100, just as when the MFP 100 is
started, causes the NIC 101 to establish a link to the network
in the communication mode in the standby state, and also
determines a communication mode in the sleep mode.

As described above, the communication mode setting unit
313 again acquires the capability information of the hub 102
and determines a communication mode in the sleep mode not
only when the MFP 100 is started, but also when the MFP 100
is in the standby state and is connected anew to the network.
This is because the communication capability of the newly
connected hub 102 is sometimes different from that of the old
hub.

In other words, when the hub 102 is replaced with another
hub, because the newly installed hub 102 may not have the
same communication capability as that of the old hub, if the
communication capability of the hub 102 is checked again
and the interface devices and settings are matched, it is pos-
sible to use the newly installed hub. This can be said of a case
where the hub 102 has not been changed, but communication
settings of the hub 102 are changed and power is again sup-
plied to the hub 102.

A second exemplary embodiment of the present invention
will next be described. The hardware configuration and the
software configuration of the MFP 100 and the NIC 101 in the
present exemplary embodiment are similar to those in the
previous exemplary embodiment, and therefore, their
descriptions are not repeated here. The configuration of the
communication system is also similar to that of the previous
exemplary embodiment.

In the present exemplary embodiment, when the MFP 100
returns from the sleep mode to the standby state, the CPU 221
determines the factor for return, and, according to whether the
factor for return is a specific factor or not, again acquires
capability information of the hub 102 and again determines a
communication mode in the sleep mode.

FIG. 9 is a flowchart illustrating the operation of the MFP
100 and the NIC 101 performed when the MFP 100 returns
from the sleep mode to the standby state. The flowchart in
FIG. 9 corresponds to the flowchart in FIG. 7, except step
S901 added in FIG. 9. The operations from step S701 to step
S712 are the same and, therefore, their descriptions are not
repeated herein.

In step S705, the communication mode setting unit 313
notifies the NIC driver 312 of a communication mode in the
standby state by using an “ioct]” command, and causes the
NIC 101 to set the communication mode therein, and after
this, the process advances to step S901.

In step S901, the CPU 221 determines whether the factor
for the MFP 100 to return from the sleep mode to the standby
state is a specific factor. The specific factor here denotes that
the NIC 101 is connected to the network. In other words, in
step S901, the CPU 221 determines whether the MFP 100
returns as a result of the NIC 101 being connected to the
network. Also in this determination process, not only is it
determined whether the network cable is attached to the net-
work I/F 204 of the NIC 101, but it is also determined whether
the NIC 101 is electrically connected to the hub 102.

Ifthe determination result in step S901 is that the factor for
return is the NIC 101 is connected to the network (YES in step
S901), the process proceeds to step S707, where the CPU 221
acquires capability information of the hub 102, and deter-
mines a communication mode in the sleep state. If the deter-
mination result in step S901 is that the factor for return is not



US 9,100,527 B2

13
that the NIC 101 is connected to the network (NO in step
S901), the process is terminated.

As described above, in the present exemplary embodiment,
when the MFP 100 returns from the sleep mode to the standby
state, it is not routine practice to acquire capability informa-
tion of the hub 102 and determine a communication mode in
the sleep mode, but whether to take these steps is determined
according to the situation. If the factor for return is that the
user operates the operation unit 230 or that a specific packet
mentioned above is received from the network, the commu-
nication capability of the hub 102 is considered not changed.
In other words, if it is apparent that the communication capa-
bility of the hub 102 has not changed, by omitting the acqui-
sition of the hub 102 capability information or the determi-
nation of communication mode, the load on processing in the
MFP 100 can be reduced.

The present invention can take various forms of exemplary
embodiments, such as a system, apparatus, method, program
and storage medium (recording medium), for example. More
specifically, this invention can be applied to a system, which
includes a number of devices, or applied to a device formed of
a single unit.

According to the present invention, a software program
that implements the functions of the exemplary embodiment
described above (a program corresponding to the flowchart in
the embodiment) is supplied directly or remotely from an
external device to a system or apparatus. In some cases, the
functions of the present invention can be implemented as the
computer of the system or apparatus reads and executes the
program code supplied.

Therefore, since the functions of an exemplary embodi-
ment of the present invention are implemented by a computer,
the program code itself; installed in the computer, also imple-
ments the present invention. In other words, the present inven-
tion covers a computer program itself, configured to imple-
ment the functions of the embodiment of the present
invention.

In this case, so long as the functions of the program are
included, the software program can be in any form, such as
object code, a program executable by the interpreter, or script
data supplied to the OS.

Recording media that can be used to supply the program
include, for example, a floppy disk, hard disk, optical disk,
magneto-optic disk, MO, CD-ROM, CD-R, CD-RW, mag-
netic tape, nonvolatile memory card, ROM, and DVD (DVD-
ROM, DVD-R).

As for a program supply method, the program of the
present invention can be supplied by downloading the pro-
gram into a recording medium, such as a hard disk, from a
web site on the Internet by using a browser of a client com-
puter. In other words, a computer program of each exemplary
embodiment of the present invention can be obtained from the
web site of a download source site by connecting to the site,
or by downloading a compressed file, which includes an
automatic installation function. The program of an exemplary
embodiment of the present invention can be supplied by
dividing the program code constituting the program into plu-
rality of files and downloading the files from different web-
sites. In other words, a World Wide Web (WWW) server that
supplies a plurality of users with the program files that imple-
ment the functions of an exemplary embodiment of the
present invention by the computer is also covered by the
present invention.

The program of an exemplary embodiment of the present
invention can be supplied to users by encrypting and storing
the program on a computer-readable recording medium, such
as a CD-ROM. The users who meet certain requirements are
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permitted to download decryption key information from a
website on the Internet. Then, the users can decrypt the
encrypted program by using the key information, and execute
the program on the computer.

Thus, the above-mentioned functions of the exemplary
embodiments are implemented by executing the program on
the computer. Furthermore, according to commands of the
program, the OS running on the computer performs all or part
of the processes, thus implementing the functions of the
embodiments.

Moreover, after the program read from the recording
medium is written to a function expansion board inserted into
the computer or to a memory provided in a function expan-
sion unit connected to the computer, the above-mentioned
functions of the embodiments are further implemented. In
other words, in response to commands from the program, the
CPU or the like mounted on the function expansion board or
the function expansion unit carries out all or part of the
processes to execute the functions of the embodiments of the
present invention.

While the present invention has been described with refer-
ence to exemplary embodiments, it is to be understood that
the invention is not limited to the disclosed exemplary
embodiments. The scope of the following claims is to be
accorded the broadest interpretation so as to encompass all
modifications, equivalent structures, and functions.

What is claimed is:

1. A communication apparatus comprising:

a communication unit configured to perform a communi-
cation;

a acquiring unit configured to acquire capability informa-
tion indicating a communication capability of an exter-
nal apparatus; and

a first determining unit configured to, based on the capa-
bility information acquired by the acquiring unit, deter-
mine a communication mode for performing the com-
munication by the communication unit when the
communication apparatus operates in a second power
mode lower in power consumption than in a first power
mode,

wherein the first power mode is a power mode for supply-
ing power to at least the first determining unit, and the
second power mode is a power mode for not supplying
power to at least the first determining unit,

wherein the first determining unit is configured to deter-
mine the communication mode based on the capability
information acquired by the acquiring unit, before the
communication apparatus shifts to the second power
mode, and

wherein the communication unit is configured to perform
the communication by using the communication mode
determined by the first determining unit, in a case where
the communication apparatus operates in the second
power mode.

2. The communication apparatus according to claim 1,

further comprising:

a setting unit configured to set the communication mode
determined by the first determining unit, in the commu-
nication unit,

wherein the communication unit is configured to perform
the communication by using the communication mode
set by the setting unit, in a case where the communica-
tion apparatus operates in the second power mode.

3. The communication apparatus according to claim 2,

wherein the setting unit is configured to set, in the communi-
cation unit, the communication mode determined by the first
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determining unit, in a case where the communication appa-
ratus shifts from the first power mode to the second power
mode.

4. The communication apparatus according to claim 1,
further comprising:

a storing unit configured to store setting information indi-

cating a communication mode set by a user,

wherein the communication unit is configured to perform

the communication by using the communication mode
specified by the setting information, in a case where the
communication apparatus operates in the first power
mode, and

wherein the communication unit is configured to perform

the communication by using the communication mode
determined by the first determining unit, in a case where
the communication apparatus operates in the second
power mode.

5. The communication apparatus according to claim 1,
further comprising:

asecond determining unit configured to determine whether

the external apparatus supports a specific communica-
tion speed, based on the capability information acquired
by the acquiring unit,

wherein, in a case where the second determining unit deter-

mines that the external apparatus supports the specific
communication speed, the first determining unit deter-
mines that the communication mode, which is for per-
forming the communication by the communication unit
when the communication apparatus operates in the sec-
ond power mode, is the specific communication speed.

6. The communication apparatus according to claim 5,
wherein the specific communication speed is 10 Mbps.

7. The communication apparatus according to claim 5,
wherein, in a case where the second determining unit deter-
mines that the external apparatus does not support the specific
communication speed, the first determining unit determines
that the communication mode, which is for performing the
communication by the communication unit when the com-
munication apparatus operates in the second power mode, is
AutoNegotiation.

8. The communication apparatus according to claim 1,
wherein the acquiring unit is configured to acquire the capa-
bility information when the communication apparatus is
started.

10

20

25

30

35

16

9. The communication apparatus according to claim 1,
wherein, in a case where the capability information is not
acquired by the acquiring unit, the first determining unit
determines that the communication mode, which is for per-
forming the communication by the communication unit when
the communication apparatus operates in the second power
mode, is AutoNegotiation.

10. The communication apparatus according to claim 1,
wherein the communication unit is NIC.

11. The communication apparatus according to claim 1,
wherein the external apparatus is HUB.

12. The communication apparatus according to claim 1,
further comprising:

a printing unit configured to perform printing processing,

wherein the first power mode is a power mode for supply-

ing power to at least the first determining unit and the
printing unit, and the second poser mode is a power
mode for not supplying power to at least the first deter-
mining unit and the printing unit.

13. A communication method including a communication
apparatus, the communication method comprising:

performing a communication with a communication unit;

acquiring capability information indicating a communica-
tion capability of an external apparatus; and

determining, based on the capability information acquired,
a communication mode for performing the communica-
tion by the communication unit when the communica-
tion apparatus operates in a second power mode lower in
power consumption than in a first power mode,

wherein the first power mode is a power mode for supply-
ing power to determine the communication mode, and
the second power mode is a power mode for not supply-
ing power to determine the communication mode,

wherein the communication mode is determined based on
the capability information acquired, before the commu-
nication apparatus shifts to the second power mode, and

wherein the communication unit is configured to perform
the communication by using the communication mode
determined, in a case where the communication appara-
tus operates in the second power mode.

14. A non-transitory computer-readable storage medium
storing instructions of a computer program for implementing
a method, according to claim 13.
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